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(54) SWITCHING POWER SUPPLY DEVICE 
(57)Abstract: 

PURPOSE: To reduce the switching loss of a switching power supply 
device, by holding a second switching element in OFF-state during a 
predetermined period while driving a first switching element during the 
period determined through a time constant circuit. 
CONSTITUTION: When a transistor(Tr) Q2 is turned on, a switching 
element (SW) Q1 is turned off. At this time, positive voltages are 
generated respectively in output windings N2, N3 of an output 
transformer T whose winding polarities are opposite respectively to a 
primary winding Np of the output transformer T, and then, transistors 
TrQ4, 03 are turned on, and thereby, a capacitor C6 is charged. By 
the charged voltage of the capacitor 06, transistors TrQ5, 06 are 
turned on, and then, the transistors TrQ1, 04 are turned off. Further, 
this state is held during a fixed period until the charge of the capacitor 
06 is discharged to some extent according to the time constant 
deiterminated by the capacitor C6 and resistors R13-R15. By the adjustment of the time constant, the OFF- 
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time of the switching element SWQ1 can be longer than a given time. Therefore, the switching frequency of 
the switching element SW Q1 cannot exceed, a given frequency. 
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(54) SWITCHING POWER SUPPLY DEVICE 
(57)Abstract: 

PURPOSE: To reduce the switching loss of a switching power supply device, by 
holding a second switching element in OFF-state during a predetermined period 
while driving a first switching element during the period determined through a 
time constant circuit 

CONSTITUTION: When a transistor(Tr) 02 is turned on, a switching element 



(SW) Q1 is turned off. At this time, positive voltages are generated respectively in 
output windings N2, N3 of an output transformer T whose winding polarities are 
opposite respectively to a primary winding Np of the output transformer T, and 
then, transistors TrQ4, Q3 are turned on, and thereby, a capacitor C6 is charged. 
By the charged voltage of the capacitor C6, transistors TrQ5, Q6 are turned on, 
and then, the transistors TrQ1 , Q4 are turned off. Further, this state is held during 
a fixed period until the charge of the capacitor C6 Is discharged to some extent 
according to the time constant deitenninated fc>y the capacitor C6 and resistors 
R13-R15. By the adjustment of the time constant, the OFF-time of the switching 
element SWQ1 can be longer than a given time. Therefore, the switching 
frequency of the switching element SW Q1 cannot exceed, a given frequency. 
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CLAIMS 



[Clalm(s)] 

[Claim 1] The output transformer which has a primary coil (NP), an output 
winding (N2), and a feedback winding (NB) (T), The switching element for an 
oscillation which the end was connected to the primary coil of the above- 
mentioned output transformer (T), and connected the control terminal to the 
feedback winding (01), In the switching power supply equipment of the ringing 
choke converter method equipped with the rectifier circuit connected to the 
output winding (N2) of an output transformer (T) It has the control means which . 
controls the switching frequency of the above-mentioned switching element (01) 
so that it may not become more than a certain frequency. The output winding 
(N2) which prepared this control means in the above-mentioned output 
transformer (T), and the 2nd output winding around which like-pole nature was 
looped (N3), The 1st switching device turned on with the electrical potential 
difference generated in this 2nd output winding (N3) (04), The 2nd switching 
device in which an ON drive is carried out by ON actuation of this 1st switching 
device (04) (03), The time constant circuit which consists of capacitor (06) and 
resistance (R1 3) - (R1 5) charged by ON actuation of this 2nd switching device 
(03), The 3rd switching device which makes the 1st switching device (04) of the 



predetermined time above turn off by this time constant circuit (Q5), Switching 
power supply equipment characterized by constituting from the 4th switching 
device (Q6) which makes L level the control terminal of the above-mentioned 
switching element (Q1) by the above-mentioned time constant circuit, and 
maintains this switching element (Q1) to a predetermined time OFF state. 
[Claim 2] Switching power supply equipment according to claim 1 characterized 
by connecting a capacitor (C7) between the control terminal of the above- 
mentioned switching element (Q1), and a ground. 
[Claim 3] The output transformer which has a primary coil (NP), an output 
winding (N2). and a feedback winding (NB) (T), The switching element for an 
oscillation which the end was connected to the primary coil of the above- 
mentioned output transformer (T), and connected the control terminal to the 
feedback winding (NB) (Q1), In the switching power supply equipment of the 
ringing choke converter method equipped with the rectifier circuit connected to 
the output winding (N2) of an output transformer (T) It has the control means 
which controls the switching frequency of the above-mentioned switching 
element (Q1) so that it may not become more than a certain frequency. The 
output winding (N2) which prepared this control means in the above-mentioned 
output transformer (T). and the 2nd output winding around which like-pole nature 
was looped (N3), The 1st switching device turned on with the electrical potential 
difference generated from the feedback winding (NB) of the above-mentioned 
output transformer T at the time of ON of the above-mentioned switching element 
(Q1) (04), The 2nd switching device in which an ON drive is carried out by ON 
actuation of this 1st switching device (04) (03), Between time lag until the 1st 
and 2nd switching device (04) of the above and (03) shift off with the reverse 
voltage generated in the feedback winding (NB) at the time of the turn-off of a 
switching element (01) The time constant circuit which consists of capacitor (C6) 
and resistance (R1 3) - (R1 5) charged through the 2nd switching device (03) 
with the electrical potential difference generated in the 2nd output winding (N3) of 
the above, Switching power supply equipment which maintains predetermined 



time ON actuation by this time constant circuit, makes L level the control terminal 
of the above-mentioned switching element (Q1), and is characterized by 
constituting from the 3rd switching device (Q6) which maintains this switching 
element (Q1) to a predetermined time OFF state. 

[Claim 4] Switching power supply equipment according to claim 3 characterized 
by connecting a capacitor (07) between the control terminal of the above- 
mentioned switching element (01), and a ground. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the switching power supply 
equipment which used the ringing choke converter (ROC) method. 
[0002] 

[Description of the Prior Art] Drawing 1 1 shows the concrete circuit diagram of 
the switching power supply equipment of the ringing choke converter (RCC) 
method of the conventional FET type. In addition, as this kind of a conventional 
example, JP,4-9034,B is mentioned, for example. AC power supply AC minds 



Fuse F and a line filter LPF, and it is the diode bridge DB1 for rectification. It 
connects with the input edge and is the capacitor C1 for smooth in the outgoing 
end of this diode bridge DB1. It connects. 

[0003] the switching element Q1 which an inverter circuit becomes from output 
transformers T and FET, the resistance R1 for starting, and R2 etc. - it is 
constituted, moreover, output winding N2 of output transformer T The zener 
diode ZD1 of the for the diode D1 for rectification, and for constant voltages in 
both ends, a capacitor C3, and C4 from - the becoming smoothing circuit is 
connected. 

[0004] Furthermore, the electrical-potential-difference detector and control circuit 
as stable control and the overcurrent protection network of output voltage are 
established in the inverter circuit, the resistance R7 whose electrical-potential- 
difference detector established in the output side of an inverter circuit pressures 
partially and detects output voltage, R8, light emitting diode PD by the side of 
luminescence of a photo coupler PC 1 , and shunt regulator IC 1 etc. ~ it is 
constituted, moreover, feedback winding NB of output transformer T of an 
inverter circuit the control circuit established in the side ~ the above-mentioned 
photo coupler PC 1 The photo transistor PT used as light emitting diode PD and 
a pair, resistance R3 -R5, diode D2, D7, zener diode ZD2, and switching element 
Q1 Transistor Q2 which connected with juxtaposition between the gate sources 
etc. - it is constituted. 

[0005] Next, actuation of the circuit shown in drawing 1 1 is explained. First, it 
sets at the time of starting to which the power source was supplied, and is 
resistance R1 and R2. It minds and is a switching element Q1. An electrical 
potential difference is impressed to the gate and it is this switching element Q1 . It 
turns on. This switching element Q1 If turned on, it is the primary coil NP of 
output transformer T. Supply voltage is impressed and it is a feedback winding 
NB. Primary coil NP An electrical potential difference occurs in this direction. It is 
resistance R3 by this generated electrical potential difference. And diode D7, 
resistance R5, and zener diode ZD2 A series circuit is minded and it is a 



capacitor C2. It charges. 

[0006] Capacitor C2 It charges and is a transistor Q2. When the forward voltage 
between base emitters is exceeded, it is a transistor Q2. It turns on. Transistor 
Q2 When turned on, it is a transistor Q2. Collector potential serves as L level and 
it Is a switching element Q1 . It is this switching element Q1 , using the gate as L 
level. It is made to turn off. 

[0007] Switching element Q1 When turned off, it is this switching element Q1. It 
is an output winding N2 about the energy accumulated in output transformer T at 
the time of ON. It is minded and emitted. The electrical potential difference which 
is this energy is diode D1. It is rectified and they are a capacitor C3 and C4. 
Smooth will be canied out and power will be supplied to a load. 
[0008] Capacitor C2 A charge is resistance R3. When it minds and discharges, it 
is a transistor Q2. It turns off and is a switching element Q1 . It turns on. 
Switching element Q1 If turned on, it is the primary coil NP of output transformer 
T again. An electrical potential difference is impressed and energy is 
accumulated in output transformer T. By repeating such actuation, an inverter 
circuit starts and it shifts to a steady state. 

[0009] Here, the output voltage by the side of a load is resistance R7. R8 It 
always pressures partially, and is detected and he is this detection electrical 
potential difference and shunt regulator IC 1 that pressured partially. The 
reference voltage which it has is compared. And he is a shunt regulator IC 1 
about the amount of fluctuation of output voltage. It amplifies and is a photo 
coupler PC 1. The current passed to light emitting diode PD is changed, and it 
responds to the amount of luminescence of light emitting diode PD, and is a 
photo coupler PC 1 . The impedance of a photo transistor PT is changed and it is 
a capacitor C2. It controls by changing a charge time constant so that output 
voltage becomes fixed. 

[0010] When output voltage rises here. It is a photo coupler PC 1. Many currents 
flow to light emitting diode PD, a photo transistor PT is minded, and it is a 
capacitor C2. A charge time constant becomes short and it is a transistor Q2. It is 



made to turn on early and is a switching element Q1 . It supposes that it is off and 
is this switching element Q1 . A "on" period is shortened and it controls to reduce 
output voltage. Moreover, when output voltage declines, the above-mentioned 
reverse actuation is performed and it controls to raise output voltage, and 
constant-voltage control is carried out so that output voltage may become fixed. 
[0011] Moreover, when the load current serves as size, output voltage declines, 
the current which flows to light emitting diode PD of a photo coupler PC 1 
becomes small, and it is a capacitor C2. A charge time constant is resistance R3. 
Diode D7, resistance R5, and zener diode ZD2 It becomes a juxtaposition value 
with a series circuit, becomes max, and is very a switching element Q1 about the 
load current more than this, "on" period width of face does not increase, but 
serves as the so-called character property of FU. That is, overcurrent control will 
be performed. 
[0012] 

[Problem(s) to be Solved by the Invention] Here, generally in a ringing choke 
converter circuit as shown in drawing 11 , the oscillation frequency f is shown by 
the degree type. 
f=(D2V1 )/(2L1 PI 

However, D is duty and PI. Input power and LI Primary coil NP An inductance 
value and VI It is input voltage. From an upper type, it is input power PI . If it 
becomes small, the oscillation frequency f will become large (fluctuation size off). 
[0013] Moreover, input power PI At the time of smallness, it is a switching 
element Q1. A large next door and effectiveness worsen and a switching loss is 
the switching element Q1 at this time. Most losses are switching losses (the loss 
by on resistance RDS of a switching element Q1 is small). Input power PI Most 
losses in case output power is smallness when it is smallness that is, are 
switching elements Q1, in order to attenuate a loss, since it is a switching loss. 
The approach of decreasing the switching loss of the very thing, and switching 
element Q1 There is a method of decreasing the count of switching. 
[0014] by the way, the concrete circuit diagram of the switching power supply 



equipment of the conventional example of others [ drawing 12 ] - it is - the case 
of drawing 1 1 , and abbreviation - although it is the same, only the part from 
which circuitry differs is explained. First, the secondary of output transformer T is 
the diode D1 for rectification. About the configuration of the smoothing circuit 
connected by minding, they are a capacitor C3 and C4. Choke coil L1 It 
constitutes. Moreover, feedback winding NB of output transformer T It connects 
with a side and is a capacitor C2. A little time constant circuit to charge is 
changed. Namely, resistance R3 Resistance R5 Zener diode ZD2 It has 
connected with juxtaposition in the series circuit. 

[0015] In addition, since actuation of the circuit in drawing 12 is fundamentally 
[ as the circuit of drawing 11 R> 1 ] the same, the explanation is omitted. 
[0016] This invention is offered in view of an above-mentioned point, and 
switching power supply equipment aiming at lessening a loss and gathering 
effectiveness, as the oscillation frequency of a switching element is not raised 
more than a certain frequency is offered. 
[0017] 

[Means for Solving the Problem] This invention is the primary coil NP and an 
output winding N2. And feedback winding NB Output transformer T which it has, 
primary coil NP of the above-mentioned output transformer T an end connects - 
having - feedback winding NB Switching element Q1 for an oscillation which 
connected the control terminal Output winding N2 of output transformer T In the 
switching power supply equipment of the ringing choke converter method 
equipped with the connected rectifier circuit the above-mentioned switching 
element Q1 Output winding N2 which was equipped with the control means 
which controls a switching frequency so that it may not become more than a 
certain frequency, and prepared this control means in the above-mentioned 
output transformer T The 2nd output winding N3 around which like-pole nature 
was looped this 2nd output winding N3 The 1st switching device 04 turned on 
with the generated electrical potential difference this 1st switching device 04 The 
2nd switching device 03 in which an ON drive is carried out by ON actuation this 



2nd switching device Q3 Capacitor C6 charged by ON actuation And resistance 
R1 3 -R1 5 from -- with the becoming time constant circuit this time constant 
circuit - the 1st switching device Q4 of the predetermined time above The 3rd 
switching device Q5 made to turn off It is the above-mentioned switching element 
Q1 by the above-mentioned time constant circuit. A control terminal is made into 
L level and it is this switching element Q1. The 4th switching device Q6 
maintained to a predetermined time OFF state It is characterized by constituting. 
[0018] Moreover, in claim 2, it sets to the circuitry of above-mentioned claim 1, 
and is the above-mentioned switching element Q1. It is a capacitor 07 between a 
control terminal and a ground. It is characterized by connecting. 
[0019] Furthermore, it sets to claim 3 and they are the primary coil NP and an 
output winding N2. And feedback winding NB Output transformer T which it has, 
an end connects with the primary coil of the above-mentioned output transformer 
T - having - feedback winding NB Switching element 01 for an oscillation which 
connected the control terminal Output winding N2 of output transformer T In the 
switching power supply equipment of the ringing choke converter method 
equipped with the connected rectifier circuit the above-mentioned switching 
element 01 Output winding N2 which was equipped with the control means 
which controls a switching frequency so that it may not become more than a 
certain frequency, and prepared this control means in the above-mentioned 
output transformer T The 2nd output winding N3 around which like-pole nature 
was looped the above-mentioned switching element 01 the time of ON - 
feedback winding NB of the above-mentioned output transformer T The 1st 
switching device 04 turned on with the generated electrical potential difference 
this 1st switching device 04 The 2nd switching device 03 in which an ON drive is 
carried out by ON actuation Switching element 01 It is a feedback winding NB at 
the time of a turn-off. It is the 1st and 2nd switching device 04 of the above, and 
03 by the generated reverse voltage. Between time lag until it shifts off the 2nd 
output winding N3 of the above the generated electrical potential difference - the 
2nd switching device 03 Capacitor C6 charged by minding And resistance R1 3 - 



R1 5 from - with the becoming time constant circuit Predetermined time ON 
actuation is maintained by this time constant circuit, and it is the above- 
mentioned switching element Q1 . A control terminal is made into L level and it is 
this switching element Q1. The 3rd switching device Q6 maintained to a 
predetermined time OFF state It Is characterized by constituting. 
[0020] Moreover, in claim 4, it sets to the circuitry of above-mentioned claim 3, 
and is the above-mentioned switching element Q1. It is a capacitor C7 between a 
control terminal and a ground. It is characterized by connecting. 
[0021] 

[Function] It is the 4th switching device 06 of predetermined time by the time 
amount [ according to this invention ] in a time constant circuit. It drives and is a 
switching element 01. It is [ maintaining a predetermined time OFF state and ] 
this switching element 01. The switching frequency is made not to become more 
than a certain frequency. Therefore, a switching loss when output power is small 
can be decreased, therefore the effectiveness in the time of a light load can be 
raised. 

[0022] Moreover, according to claim 2, it is the above-mentioned switching 
element 01 . It Is a capacitor 07 between a control terminal and a ground. By 
having connected, predetermined time passes by the time constant circuit, and it 
is a switching element 01 . Even if it is going to carry out a turn-on, it is a 
capacitor 07. Switching element 01 The standup of the electrical potential 
difference to a control terminal is overdue, and it is a switching element 01. OFF 
time amount can be lengthened more. Therefore, switching element 01 in the 
time of a light load A switching frequency can be decreased more and 
effectiveness can be raised more in the time of a light load. 
[0023] It is the 3rd switching device 06 of predetermined time by the time amount 
[ according to claim 3 ] in a time constant circuit. It drives and is a switching 
element 01. It is [ maintaining a predetermined time OFF state and ] this 
switching element 01. The switching frequency is made not to become more 
than a certain frequency. Therefore, a switching loss when output power is small 



can be decreased, therefore the effectiveness in the time of a light load can be 
raised. 

[0024] Moreover, according to claim 4, it is the above-mentioned switching 
element Q1. It is a capacitor C7 between a control terminal and a ground. By 
having connected, predetermined time passes by the time constant circuit, and it 
is a switching element Q1 . Even if it is going to carry out a turn-on, it is a 
capacitor C7. Switching element Q1 The standup of the electrical potential 
difference to a control terminal is overdue, and it is a switching element Q1. OFF 
time amount can be lengthened more. Therefore, switching element Q1 in the 
time of a light load A switching frequency can be decreased more and 
effectiveness can be raised more in the time of a light load. 
[0025] 

[Example] Hereafter, the example of this invention is explained with reference to 
a drawing. The concrete circuit diagram of the switching power supply equipment 
of this invention is shown in drawing 1 . In addition, the same notation is given to 
the same element as the former shown in drawing 11 , explanation is omitted, 
and the part of the summary of this invention is explained in full detail. 
[0026] As shown in drawing 1 , it is the 2nd output winding N3 to output 
transformer T. It prepares and is this output winding N3. It is diode D3 and 
resistance R9 -R1 1 to both ends. A series circuit is connected and it is the 2nd 
output winding N3. It is diode D4 from an end. It minds and is a transistor Q3. It 
has connected with an emitter. Moreover, transistor Q3 In the base, it is 
resistance R1 2. It minds and is a transistor Q4. A collector is connected and it is 
this transistor Q4. The base is resistance R1 0. R1 1 It has connected at the 
node, 

[0027] The above-mentioned transistor Q3 A collector and transistor Q4 It is a 
capacitor C6 between emitters. It connects and is this capacitor C6. To 
juxtaposition, it is resistance R1 3. Diode D5 and resistance R1 4 And R1 5 The 
series circuit is connected, respectively. Moreover, resistance R1 4 R1 5 A node, 
a transistor Q5, and Q6 The base is connected, respectively. One transistor Q5 A 



collector is resistance R9. R1 0 It has connected at the node. Moreover, 
transistor Q6 of another side A collector is diode D6. It minds and is a switching 
element Q1 . It has connected with the gate. 

[0028] Next, actuation is explained. It sets to a steady state and is resistance R1 
and R2. It minds and is a switching element Q1 . An electrical potential difference 
is built over the gate and it is a switching element Q1. A turn-on is carried out. 
Switching element Q1 If a turn-on is carried out, a current flows to output 
transfomrier T and it is a feedback winding NB. Primary coil NP An electrical 
potential difference is built in this direction. And photo coupler PC 1 By the 
current which minds and flows, it is a capacitor C2. The charge is stored and it is 
a transistor Q2. It turns on. 

[0029] Transistor Q2 When turned on, it is a switching element Q1. The electrical 
potential difference of the gate falls and it is a switching element Q1 . A turn-off is 
carried out. At this time, it is the primary coil NP of output transformer T. The 
output winding N2 and output winding N3 which it received and were coiled with 
reversed polarity A forward electrical potential difference occurs. 
[0030] Output winding N2 of output transformer T It sets, the energy ideally 
stored in output transformer T by deltaT shown by deltaT= (I2PV) / 12 (output 
voltage and deltaT are [ I2P ] the "off' period of a switching element Q1 for a 
secondary current and V) is emitted, and it is a switching element Q1 
immediately after that. It becomes a turn-on (at the time of a light load, since it is 
short, an oscillation frequency goes up [ this deltaT ]). 

[0031] However, it is a switching element Q1 here. It is the output winding N3 of 
output transformer T at the time of a turn-off. A forward electrical potential 
difference is generated and it is a transistor Q4. It is made to turn on. This 
transistor Q4 It is a transistor Q3 by ON. It turns on and is a capacitor 06. It 
charges and is this capacitor 06. An electrical potential difference occurs to both 
ends. Oapacitor 06 The electrical potential difference of both ends is resistance 
R1 4. R1 5 The electrical potential difference pressured partially is a transistor 
Q5 and Q6. It is impressed by the base, respectively and is a transistor 05 and 



Q6. It turns on. 

[0032] Transistor Q6 By turning on, it is a switching element Q1 . The gate is 
made into L level and it is this switching element Q1. It is made to turn off. 
Moreover, it is a transistor Q5 to coincidence. By turning on, it is a transistor Q4. 
The base is made into L level and it is this transistor Q4. It is made to turn off. 
Furthermore, transistor Q4 By turning off, it is a transistor Q3. It turns off. 
[0033] And a capacitor C6 and resistance R1 3 -R1 5 By the time constant, it is a 
capacitor C6. This condition is maintained a certain fixed time until it discharges 
a charge to some extent. This time amount C6, i.e., a capacitor, and resistance 
R1 3 -R1 5 By adjusting the time constant of the time constant circuit constituted, 
it is a switching element Q1. Time amount of a turn-off can be carried out more 
than [ a certain ] fixed. Therefore, switching element Q1 It can avoid becoming 
about a switching frequency more than a certain frequency. 
[0034] Thus, in this example, it sets in a ringing choke converter circuit, and is a 
switching element Q1. In order to decrease the count of switching, the switching 
frequency is made not to become a primary output transformer T side and a 
secondary by making the quiescent time to which a current does not flow more 
than a certain frequency, either. Therefore, switching element Q1 It is a switching 
element Q1 by giving a turn-off period more than fixed [ a certain ]. The count of 
switching can be decreased, consequently the loss at the time of a light load can 
be decreased. 

[0035] In addition, this idle period is input voltage, loaded condition, and the 
switching element Q1 at that time. At an oscillation wave etc., it is not fixed and is 
a switching element Q1 . A turn-off period is not necessarily fixed completely. 
Moreover, switching element Q1 Although it carried out and FET was used, when 
a transistor is used, it can apply similarly. 

[0036] The experimental result of this invention is shown in drawing 2 . The 
continuous line shown in drawing 2 is this invention, and a broken line is the 
conventional example ( drawing 11 ). When output power was 5W so that it may 
illustrate, it was about 70% in this invention that effectiveness was about 61 % in 



the conventional example. Therefore, especially in this invention, it is efficient at 
the time of a light load. 

[0037] (Example 2) The concrete circuit diagram of an example 2 is shown in 
drawing 3 . A different place from a previous example in this example is a 
transistor Q5 and Q6. The circuits by the side of the base only differ for a while. 
Namely, transistor Q5 In the base, it is resistance R1 6. R1 7 It is made to 
impress a partial pressure output, and is a transistor Q6. In the base, it is 
resistance R1 8. R1 9 He is trying to impress a partial pressure output. And 
resistance R1 6 R1 8 It is diode D5 about a common node. It has connected with 
a cathode. 

[0038] At this example, it is resistance R1 6. R1 7 It is a division ratio Resistance 
R1 8 R1 9 By making it differ from a division ratio For example, transistor Q5 It is 
a transistor Q6 about the time of day to turn on. By delaying from the time of day 
to turn on, it is a capacitor C6. The charging time is made [ many ] and it is a 
transistor Q6. The turned-on time amount, i.e., the time amount which the 
switching element Q1 turns off, can be made [ many ]. That is, switching element 
Q1 By making [ many ] the turn-off time and lowering the count of switching, the 
effectiveness in the time of a light load can be raised more. 
[0039] (Example 3) The concrete circuit diagram of an example 3 is shown in 
drawing 4 . it sets in the circuit shown in drawing 1 , and this example is a 
switching element Q1. It is a capacitor C7 between the gate sources. It connects 
with juxtaposition. At this example, it is a capacitor C6. The charge charge has 
discharged and it is a transistor Q6. When turned off, it is a switching element Q1. 
It is resistance R1 to the gate. R2 Although it minds and an electrical potential 
difference is impressed, it is a capacitor C7. Switching element Q1 The standup 
of gate voltage is delayed. 

[0040] That is, the above-mentioned capacitor C7 Switching element Q1 By 
lengthening a "off' period, it is this switching element Q1. The count of switching 
can be decreased more from a previous example, and the loss in the time of a 
light load can be decreased more. Drawing 5 shows the relation between output 



power and the switching frequency f, and is a capacitor C7. It compares with the 
case where there is nothing and is a capacitor C7. Switching element Q1 The 
direction at the time of connecting with the gate can lower the switching 
frequency f more. In addition, RCC shows the case where this invention is not 
controlled and the switching frequency is rising considerably in the time of a light 
load. 

[0041] Moreover, drawing 6 shows relation with effectiveness for the output 
power in this example, a continuous line is this example, and a broken line is the 
conventional example ( drawing 11 ). Especially effectiveness can be improved 
at the time of a light load so that it may illustrate. In the case of this example, 
compared with the example shown in drawing 1 , effectiveness can be raised 
about 3 to 4%. 

[0042] (Example 4) An example 4 is shown in drawing 7 . This example 
corresponds to the conventional example shown in drawing 12 . Moreover, the 
same notation is given to the element as the conventional example of drawing 12 
also with the same this example like the above-mentioned example. Drawing 8 
shows the voltage waveform of each part of this example. 
[0043] As shown in drawing 7 , it is the 2nd output winding N3 to output 
transformer T. It has prepared. And feedback winding NB of output transformer T 
An end and the 2nd output winding N3 of the above Between the other ends, it is 
diode D3, zener diode ZD1 , and resistance R1 0. And the series circuit of 

« 

resistance R1 1 is connected to juxtaposition. Moreover, the 2nd output winding 
N3 of output transformer T It is diode D4 from an end. It minds and is a transistor 
Q3. It has connected with an emitter. This transistor Q3 In the base, it is 
resistance R1 2. It minds and is a transistor Q4. It connects with a collector and 
is this transistor Q4. The base is above-mentioned resistance Rthel 0. R1 1 It 
has connected at the node. 

[0044] The above-mentioned transistor Q3 A collector and transistor Q4 It is a 
capacitor C6 between emitters. It connects and is this capacitor C6. To 
juxtaposition, it is resistance R1 3. Resistance R1 4 and resistance R1 5 The 



series circuit is connected, respectively. Moreover, resistance R1 4 Resistance 
R1 5 A node and transistor Q6 The base is connected. Furthermore, transistor 
Q6 A collector is diode D6. It minds and is a switching element Q1 . It has 
connected with the gate. 

[0045] Next, actuation is explained with reference to drawing 8 . Here, drawing 8 
shows the voltage waveform of each part of drawing 7 , and (a) - (i) of drawing 8 
shows the voltage waveform in a - i points of drawing 7 . Moreover, in drawing 8 , 
an axis of abscissa is full-wave type 2,0 micro/div, and all GND is transistors Q4. 
It measures as potential of an emitter. 

[0046] It sets to a steady state and is resistance R1 and R2. It minds and is a 
switching element Q1. An electrical potential difference is built over the gate and 
it is a switching element Q1 . A turn-on is carried out. Switching element Q1 If a 
turn-on is carried out, a current flows to output transformer T and it is a feedback 
winding NB. Primary coil NP An electrical potential difference is built in this 
direction (refer to A-B of drawing 8 (b)). And diode D3, zener diode ZD1, 
resistance R1 0, and R1 1 It minds and is a transistor Q4. An electrical potential 
difference is built over the base and it is this transistor Q4. It is turned on 
( drawing 8 (c) refer to A-B of - (e)). 

[0047] however, the 2nd output winding N3 of output transformer T **** - primary 
coil NP since an electrical potential difference is built over hard flow (refer to A-B 
of drawing 8 R> 8 (a)) - diode D4 it prevents - having ~ capacitor C6 It does not 
charge (refer to A-B of drawing 8 (g)). And photo coupler PC 1 By the current 
which minds and flows, it is a capacitor C2. The charge is stored and it is a 
transistor Q2. It turns on. 

[0048] Transistor Q2 When turned on, it is a switching element Q1. The electrical 
potential difference of the gate falls and it is a switching element Q1. A turn-off is 
carried out. At this time, it is the primary coil NP of output transformer T. The 
output winding N2 and output winding N3 which it received and were coiled with 
reversed polarity A fonA^ard electrical potential difference occurs (refer to the B 
point of (a) of drawing 8 ). 



[0049] Output winding N2 of output transformer T It sets, tlie energy ideally 
stored in output transformer T by delta! shown by deltaT= (I2PV) / L2 (output 
voltage and delta! are [ I2P ] the "off' period of a switching element Q1 for a 
secondary current and V) is emitted, and it is a switching element Q1 
immediately after that. It becomes a turn-on (at the time of a light load, since it is 
short, an oscillation frequency goes up [ this delta! ]). 
[0050] However, it is a switching element Q1 here. It is the 2nd output winding 
N3 of output transformer ! at the time of a turn-off. A forward electrical potential 
difference is generated (refer to the B point of (a) of drawing 8 ). Here, it is a 
transistor Q4. !he electrical potential difference which has already turned on and 
is shown by the B point of drawing 8 (d), and transistor Q4 By the delay of OFF, it 
is a transistor Q4 at the time of a turn-off. It is that (refer to B-C of drawing 8 (e)) 
which is not turned off immediately, and is a transistor 03. An ON state is 
maintained. 

[0051] !herefore, the 2nd output winding N3 !he generated electrical potential 
difference is diode D4. It minds and is a transistor 03. An electrical potential 
difference is built over a collector (refer to B-C of drawing 8 (f)), and it is a 
capacitor C6. Charge is started (refer to B-C of drawing 8 (g)). !his capacitor C6 
!he electrical potential difference of both ends is resistance R1 4. R1 5 !he 
electrical potential difference pressured partially is a transistor 06. It is impressed 
by the base and is a transistor 06. It turns on. 

[0052] !ransistor 06 By turning on, it is a switching element 01 . !he gate is 
made into L level and it is this switching element 01. An OFF state is maintained. 
On the other hand, it is a transistor 04. Feedback winding NB Since reverse 
voltage has occurred (refer to B-C of drawing 8 (b)), even If it Is maintaining the 
ON state for above-mentioned delay, it turns off after the delay (refer to C point of 
drawing 8 R> 8 (e)). 

[0053] moreover, between C-D of drawing 8 and the feedback winding NB of 
output transformer ! **** ~ although the amplitude is carried out to 
positive/negative the core [ a gland (GND) ] (VB2) ~ the electrical potential 



difference (VB1) between A-B of drawing 8 (b) - comparing - since it is small 
enough - zener diode ZD1 zener voltage (VZ) VB2 < setting up so that it 
may be set to VZ <VB1 - transistor Q4 It is preventing from turning on again. 
[0054] And a capacitor C6 and resistance R1 3 -R1 5 By the time constant, it is a 
capacitor C6. This condition is maintained a certain fixed time until it discharges 
a charge to some extent. This time amount C6, i.e., a capacitor, and resistance 
R1 3 -R1 5 By adjusting the time constant of the time constant circuit constituted, 
it is a switching element Q1 . Time amount of a turn-off can be carried out more 
than [ a certain ] fixed. Therefore, switching element Q1 It can avoid becoming 
about a switching frequency more than a certain frequency. 
[0055] Thus, in this example, it sets in a ringing choke converter circuit, and is a 
switching element Q1 . In order to decrease the count of switching, the switching 
frequency is made not to become a primary output transformer T side and a 
secondary by making the quiescent time to which a current does not flow more 
than a certain frequency, either. Therefore, switching element Q1 It is a switching 
element Q1 by giving a turn-off period more than fixed [ a certain ]. The count of 
switching can be decreased, consequently the loss at the time of a light load can 
be decreased. 

[0056] In addition, this idle period is input voltage, loaded condition, and the 
switching element Q1 at that time. At an oscillation wave etc., it is not fixed and is 
a switching element Q1. A turn-off period is not necessarily fixed completely. 
Moreover, switching element Q1 Although it carried out and FET was used, when 
a transistor is used, it can apply similarly. 
[0057] 
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[0058] The experimental result of this example is shown in drawing 9 . The 
conditions of the line of ** of drawing 9 - ** are shown in the above-mentioned 
table 1 . As shown in drawing 9 , it was about 58% in this example (**) that 
effectiveness was about 41% in the conventional example (**) which input 
voltage shows to drawing 12 R> 2 when output power is 3W in 220V. Moreover, 
although effectiveness was changed 16% with 33%(**) -49%(**) with input 
voltage in the conventional example when output power was 3W, it was able to 
consider as 52%(**) -62%(**) and 10% of fluctuation in this example. Therefore, 
in this example, it is efficient at the time of a light load, and there is little 
fluctuation of the effectiveness by fluctuation of an input. 
[0059] (Example 5) The concrete circuit diagram of an example 3 is shown in 
drawing 10 . It sets in the circuit shown in drawing 7 , and this example is a 
switching element Q1. It is a capacitor C7 between the gate sources. It connects 
with juxtaposition. At this example, it is a capacitor C6. The charge charge has 
discharged and it is a transistor Q6. When turned off, it is a switching element Q1. 
It is resistance R1 to the gate. R2 Although it minds and an electrical potential 
difference is impressed, it is a capacitor C7. Switching element Q1 The standup 
of gate voltage is delayed. 

[0060] That is, the above-mentioned capacitor C7 Switching element Q1 By 
lengthening a "ofT* period, it is this switching element Q1 . The count of switching 
can be decreased more from a previous example, and the loss in the time of a 
light load can be decreased more. Drawing 5 shows the relation between output 



power and the switching frequency f (in addition, although drawing 5 is a property 
Fig. in the case of the previous example 1 , since the result same as the case of 
this example was obtained, drawing 5 is used.), and is a capacitor C7. It 
compares with the case where there is nothing and is a capacitor C7. Switching 
element Q1 The direction at the time of connecting with the gate can lower the 
switching frequency f more. In addition, RCC shows the case where this 
invention is not controlled and the switching frequency is rising considerably in 
the time of a light load. 

[0061] Moreover, drawing 6 shows relation with effectiveness for the output 
power in this example (in addition, although drawing 6 is a property Fig. in the 
case of the previous example 1 , since the result same as the case of this 
example as well as the case of above-mentioned drawing 5 was obtained, 
drawing 6 is used.), a continuous line is this example, and a broken line is the 
conventional example ( drawing 11). Especially effectiveness can be improved 
at the time of a light load so that it may illustrate. In the case of this example, 
compared with the example shown in drawing 7 , effectiveness can be raised 
about 3 to 4%. 
[0062] 

[Effect of the Invention] The output transformer which has a primary coil, an 
output winding, and a feedback winding according to this invention. The 
switching element for an oscillation which the end was connected to the primary 
coil of the above-mentioned output transformer, and connected the control 
terminal to the feedback winding. In the switching power supply equipment of the 
ringing choke converter method equipped with the rectifier circuit connected to 
the output winding of an output transformer The output winding which was 
equipped with the control means which controls the switching frequency of the 
above-mentioned switching element so that it may not become more than a 
certain frequency, and prepared this control means in the above-mentioned 
output transformer, and the 2nd output winding around which like-pole nature 
was looped, The 1st switching device turned on with the electrical potential 



difference generated in this 2nd output winding, The 2nd switching device in 
which an ON drive is carried out by ON actuation of this 1st switching device, 
The time constant circuit which consists of the capacitor and resistance which 
are charged by ON actuation of this 2nd switching device. The 3rd switching 
device which makes the 1st switching device of the predetermined time above 
turn off by this time constant circuit, Since it constitutes from the 4th switching 
device which makes L level the control terminal of the above-mentioned 
switching element by the above-mentioned time constant circuit, and maintains 
this switching element to a predetermined time OFF state The switching 
frequency of this switching element is made not to become more than a certain 
frequency by driving the 4th switching device of predetermined time by the time 
amount in a time constant circuit, and making a predetermined time OFF state 
maintain a switching element. Therefore, a switching loss when output power is 
small can be decreased, therefore the effectiveness that the effectiveness in the 
time of a light load can be raised is done so. 

[0063] Moreover, according to claim 2, even if predetermined time passes by the 
time constant circuit and a switching element tends to carry out a turn-on by 
having connected the capacitor between the control terminal of the above- 
mentioned switching element, and a ground, the standup of the electrical 
potential difference to the control terminal of a switching element can be overdue 
by the capacitor, and OFF time amount of a switching element can be 
lengthened more. Therefore, the switching frequency of the switching element in 
the time of a light load can be decreased more, and effectiveness can be raised 
more in the time of a light load. 

[0064] The switching frequency of this switching element is made not to become 
more than a certain frequency by driving the 3rd switching device of 
predetermined time by the time amount in a time constant circuit, and making a 
predetermined time OFF state maintain a switching element according to claim 3. 
Therefore, a switching loss when output power is small can be decreased, 
therefore the effectiveness that the effectiveness in the time of a light load can be 



raised is done so. 

[0065] Moreover, according to claim 2, even if predetermined time passes by the 
time constant circuit and a switching element tends to carry out a turn-on by 
having connected the capacitor between the control terminal of the above- 
mentioned switching element, and a ground, the standup of the electrical 
potential difference to the control terminal of a switching element can be overdue 
by the capacitor, and OFF time amount of a switching element can be 
lengthened more. Therefore, the switching frequency of the switching element in 
the time of a light load can be decreased more, and effectiveness can be raised 
more in the time of a light load. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the concrete circuit diagram of the switching power supply 
equipment of the example of this invention. 

[Drawing 2] It is drawing showing the relation between the output power of the 
example of this invention, and effectiveness. 

[Drawing 3] It is the concrete circuit diagram of the switching power supply 



equipment of the example 2 of this invention. 

[Drawing 4] It is the concrete circuit diagram of the switching power supply 
equipment of the example 3 of this invention. 

[Drawing 5] It is drawing showing the relation between the output power of the 
example 3 of this invention, and a switching frequency. 
[Drawing 6] It is drawing showing the relation between the output power of the 
example 3 of this invention, and effectiveness. 

[Drawing 7] It is the concrete circuit diagram of the switching power supply 
equipment of the example 4 of this invention. 

[Drawing 8] It is drawing showing the voltage waveform of each part in drawing 7 
of the example 4 of this invention. 

[Drawing 9] It is drawing showing the relation between the output power of the 
example 4 of this invention, and effectiveness. 

[Drawing 10] It is the concrete circuit diagram of the switching power supply 
equipment of the example 5 of this invention. 

[Drawing 1 1] It is the concrete circuit diagram of the switching power supply 
equipment of the conventional example. 

[Drawing 12] It is the concrete circuit diagram of the switching power supply 

equipment of other conventional examples. 

[Description of Notations] 

T Output transformer 

NP Primary coil 

N2 Output winding 

N3 The 2nd output winding 

NB Feedback winding 

01 Switching element 

03 Transistor (the 2nd switching device) 

04 Transistor (the 1st switching device) 

05 Transistor (the 3rd switching device) 

06 Transistor (the 4th switching device) 



C6 Capacitor 

R1 3 -R1 5 Resistance 
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